Abstract. Uncertainty, complexity and paradigm shift are three challenges that are inherent in emerging technologies. Scenarios provide background for decision-making by clarifying possible paths of emerging technologies. Based on the analysis of three basic stages of empirical scenario construction, i.e. analysis phase, subsystem analysis phase and syntheses phase, credibility theory and fuzzy programming are introduced to dissolve scenario planning problems. This paper adopt such research road as (1) measurement of factors' credibility, (2) analysis of pairwise factors' compatibility, (3) eliminate incompatible scenarios through pruning rules, and (4) choice of scenarios through fuzzy programming. And then, the choice of scenarios can be conducted by expected value model. In the end, the further research fields are also discussed.
Introduction
Scenario planning is an important method of future research and forecasting. Since the 1970s, both academics and practitioners have propagated multiple-scenario planning to deal effectively with uncertainties. Based on the difference of the world view and research methodology, we can divide the kingdom of scenario planning into two genres. One attempts to evaluate the probabilities of the series of scenarios, using probability theory, cross-impact analysis and Monte Carlo simulations [1] . Another thinks that scenario planning is not aimed at obtaining forecasts but advocates the creation of alternative images of the future development of the external environment [2] .
Scenario planning differs from many other planning techniques in its goal of a paradigm shift by painting concrete and vivid narratives of the future that hinge on key uncertainties whose outcomes will shape the future environment [3] . And, scenario planning can reveal the meaning of the development, inspire the out-of-box and make our feeling more acuity [4] . To them, scenarios aim at making managers aware of environmental uncertainties, stretching managers' mental models, and triggering and accelerating processes of organizational learning. In fact, these two genres are not incompatible, as P. Wack puts it: "scenarios deal with two worlds: the world of facts and the world of perception" [5] 
Empirical Scenario Construction for Foresight Problems
In the case of emerging technologies, there are three particular challenges that seldom can be answered by other forecasting techniques than scenarios, which are uncertainty, complexity and paradigm shift [6] . Unlike risk, uncertainty cannot be expressed with precise figures. Traditional planning model can't bring uncertainty into analysis. However, as for scenario planning, uncertainty is a necessity. Complexity is a result of different forces interacting with each other. Properly extensive scenarios should perceive this kind of interaction.
At present, there are no universal and comprehensive approaches and methods for foresight. There are only attempts to construct possible scenario, realization of definite sequence of events under anticipated conditions. Empirical scenario construction consists of three basic stages [7] , viz. analysis phase, description of future states of environment subsystems, and syntheses phase. In the first stage, it is necessary to define the entity of the question to be solved. Afterwards, subsystem analysis is conducted, which consists of the identification of relevant external influences on the entity of the question to be solved. In the third stage, it is considered that existing interdependencies between the factors and establishing alternative scenarios through the synthesis of these future states.
Credibility Theory and Fuzzy Programming for Scenario Planning Credibility theory is a branch of mathematics that studies the behavior of fuzzy phenomena. In order to define a self-dual measure, Liu B and Liu YK present the concept of credibility measure in 2002 [8] . An axiomatic foundation of credibility theory was given by Liu In order to present an axiomatic definition of credibility, it is necessary to assign to each event A a number { } Cr A which indicates the credibility that A will occur. In order to ensure that the number { } Cr A has certain mathematical properties that we intuitively expect a credibility to have, Liu and Liu presented the following five axioms: Axiom 1.
Axiom 5. Let k Θ be nonempty sets on which k Cr satisfy the first four axioms, 1, 2, , , k n = respectively, and 
Based on Brauers and Weber's method [9] and Hsiao-Fan Wang's fuzzy approach [10] in scenario planning, this paper adopt such research path as (1) analysis of factors' credibility through credibility measure, (2) analysis of pairwise factors' compatibility, (3) eliminate incompatible scenarios through pruning rules, and (4) choice of scenarios through fuzzy programming.
Analysis of Factors' Credibility. Based on the probability measure, event A's credibility measure is given as follows. Assume that ( ) ( ) , , r Θ Ρ Θ Ρ is probability space, A is one element of power set ( )
We call { } Cr A the credibility measure of event A.
Analysis of Pairwise Factors' Compatibility. The compatibility of the pairwise outcomes i e
and j e ( ) , 1, 2, , i j n = is determined at this stage, which is marked~i j k . And in order to fully express the expertise, the degrees of compatibility between the pairwise outcomes are expressed by a fuzzy number set in the form of a triangular fuzzy variable: the expected value of the compatibility of pair wise outcomes can be expressed by
The triangular fuzzy variable 
Summary
In this paper, we introduced credibility theory into scenario planning and proposed a fuzzy model for scenario choice. The imperfection for this paper consists in having not verified the model through conducting experiment or simulation. Further research should include such fields as (1) how to solve the fuzzy model; (2) how to manifest the validity of the model; and (3) how to apply scenario planning to concrete foresight problems.
